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INTRODUCTION 
Upward water flow from a groundwater table is termed 'capillary 
rise'. It can be important for water supply towards the root zone, 
evaporation from soil, and hence also for accumulation of salts in 
the upper soil layers. 
Water flow in the unsaturated zone is governed by Darcy's equation. 
In this zone the hydraulic conductivity k depends on the prevailing 
suction h of that soil. The k(h) relation is usually determined at 
the laboratory. Such a relationship can be approached by either 
analytical expressions or numerical tables. 
In a homogeneous soil profile, a variation of soil moisture content 
with depth Roes along with a variation of its suction, hydraulic 
potential and hydraulic conductivity. Where the properties of the 
solid phase also vary with depth, there will be 
additional variations of suctions and conductivities for a given 
moisture content. 
Integration of the one-dimensional form of Darcy's law in steady 
state condition, yields the relationship between flux <1> suction h and 
vertical coordinate z. When choosing the origin of the coordinate at 
the phreatic surface, the height above the groundwater table z then 
represents the heigth of capillary rise. Usually these types of 
calculations are performed for homogeneous soils. In heterogeneous 
soils where texture/structure is changing, capillary rise will be 
affected, BLOEMEN (1979) has performed such calculations in 
heterogeneous soils using k(h) relationships based on texture and organic 
matter content. In this paper the computer program CAPRIS is described 
which uses k(h) relationships as given by e.g. WESSELING (1956), 
RIJTEMA (1965), FEDDES (1971) and FEDDES et al. (1978) 
Program ÇAPRIS is able to calculate the height of capillary rise 
for both homogeneous and non-homogeneous soils. The soils may 
consist of maximally 10 layers. Calculations are performed for a 
given number (maximally 39) of fluxes, which values have to be 
specified in the input. In the program there is an option to store 
a certain amount of data on a data file. These data can be used in 
combination with another program to get a plot of the heights of 
capillary rise. This may be accomplished by using a program called 
PLOT. 
Both programs (CAPRIS and PLOT) are written in FORTRAN-IV.'Program 
CAPRIS has been developed on H-ll computer, while PLOT is used on a 
PDP-IJ MO. 
The first chapter of this report describes the theory of 
capillary rise, including the analytical solutions that may be used to 
calculate the height of capillary rise in a profile layer neighbouring 
the phreatic surface. The programs are presented in the second 
chapter, with a descripti°n °f t n e required input and some examples of 
input and output. 
In the third chapter some possible applications of the programs 
are given. In the appendices a list of characteristics of soils 
that may be used in the proeram CAPRIS is given as well as the 
listing of the Droerams, 
1, THEORY OF UNSATURATED FLOW 
a. S o i l w a t e r p o t e n t i a l 
The water potential function ¥ that describes the energy status 
of water is built up by several components: 
y » i j / + ij> + i | > + i | / ( 1 . 1 ) 
m g o p 
where 
ty = matric potential 
m 
$ =» gravitational potential 
ty « osmotic potential 
<J> = pneumatic potential 
The potentials are defined relative to the reference status of 
water at atmospheric pressure 293 K(20 C) and datum elevation zero. 
The potential is often expressed as energy per unit weight of soil 
water. Then energy has the dimension of length. As the pneumatic 
potential in natural soil generally does not differ from the 
atmospheric pressure, ^  • 0. As the influence of the osmotic potential 
is low, <J is negligible. 
Since 'J' and $ axe negligible, the water potential * deals only 
with matric and gravitational potentials. It is usual, in that case, 
to refer to ¥ as hydraulic potential H and to ty as soil moisture 
m 
pressure head .^ 
Assuming the z-axis upwards directed and the origin at the ground-
water table 1 if1 = z . So eq. (1.1) becomes 
8 
H - * + z (1.2) 
where 
<J» = soil moisture pressure head (at the phreatic surface, i|> = 0) 
z = vertical coordinate upward directed. 
It is convenient to refer to a negative pressure head as a 
positive suction or tension (h). So, eq. (1.2) becomes 
H = z - h (1.3) 
b. S o i l m o i s t u r e c h a r a c t e r i s t i c s a n d 
h y d r a u l i c c o n d u c t i v i t y 
b.l. Soil moisture characteristics 
Soil moisture characteristic is the relation existing between 
soil moisture content and suction h. 
As the soil moisture characteristics are related to pore size 
distribution, structure and texture, such a relationship is different 
for each soil. 
The soil moisture retention curves can be determined in laboratory, 
applying different suctions to the soil sample and measuring moisture 
content. 
The value of h ranges from 0 (when all pores are supposed to 
be filled with water) to 10 cm (oven-dry). As it is known, it is 
also possible to present this range using the quantity pF as defined 
by SCHOFIELD (1935). 
pF log10h (1.4) 
At low suctions capillary forces are dominant, while at high 
suctions, adsorption is most important. Therefore, in the low 
suction range (0 <_ pi? <_ 2.7),where the structure is of influence 
on the water retaining properties, undisturbed soil samples, while 
in the high suction range (2.7 <^  pF <_ 4.2), disturbed samples are 
taken. 
In fig. 1 examples of soil moisture retention curves for some 
different soils are shown. 
pF pressure head ij) (cm) 
(9. em') 
cloy 1.34 
—- sandy loom 1.30 
—.—— santf 
2 - -10 -
OL -10 
water content 6 (cm .em 3 ) 
Fig. 1. Examples of soil moisture retention curves for clay, sandy 
loam and sand (after FEDDES et al., 1978) 
b.2. Hydraulic conductivity 
The hydraulic conductivity depends on pore size distribution, 
porosity, structure and moisture content of soil: therefore, as 
soils differ in pore size distribution and in other properties 
mentioned above, hydraulic conductivity k will be different for 
each soil. 
The dependence of hydraulic conductivity k on soil moisture 
content 0 or on suction h, described as 
k - k(0) or K » k(h) (because 0 = f(h)) (1.5) 
seems to be the most representative relation for the following 
reasons: 
- since an emptied pore contributes only negligibly to the total 
hydraulic conductivity of the body, a reduction of the moisture 
content is equivalent to a reduction of effective porosity and, 
therefore, of the conductivity; 
- at increasing suctions, the moisture content is progressively 
reduced and the larger pores, which are the more effective 
conductors, are emptied in the earlier stage of unsaturation: 
so with decreasing soil moisture content, the available flow area 
decreases, and hydraulic conductivity also; 
- an emptied pore, full of air, becomes an obstacle for the water 
flow, because the water is deflected round it: the drier the 
soil becomes the more tortuous and therefore longer the true flow 
paths become; 
- if the soil contains a colloidal fraction (as clay, for instance), 
for increasing suctions, it shrinks, and the pore spaces become 
smaller: so a decrease of moisture content causes a reduction of 
conductivity. 






- sandy loam 1.30 
- tand 1.50 
-10 -10* - lO* -10" -10= 
pressure head i|i(cml 
Fig. 2. Examples of hydraulic conductivity curves for clay, sandy 
loam and sand (after FEDDES et al., 1978) 
To determine the unsaturated hydraulic conductivity, in the 
field or in the laboratory, several methods have been developed 
(steady-state methods: based on a constant infiltration or evaporation 
rate; unsteady state methods: inflow-outflow and instantaneous profile 
methods; pore size distribution). 
At the ICW laboratory at Wageningen (the Netherlands) the 
unsaturated hydraulic conductivity measurements are carried out by 
an automatic recording and controlling system (fig. 3), based on 
the steady state method of WESSELING and WIT (1968). The unsaturated 
hydraulic conductivity values are obtained from the Darcy's equation, 
calculating the flux, as a mean flux over a certain time interval, 
from the measured water pressure at different depths at two sequential 
moments, and from the soil moisture characteristics. 
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Fig. 3. Set up of measuring and controlling devices: 1. tensiometer; 
2. air outlet; 3. scannivalve; 4. 'zero' reference pressure; 
5. 'half-vacuum' reference pressure; 6. mercury manometer; 
7. pressure transducer; 8. load cell; 9. connector; 10. connector; 
11. data-logger; 12. base cap with watertight sealing; 13. 
airvane; 14. overflow tube; 15. overflow outlet to 20; 
16. overflow drain; 17. drain; 18. water supply for wetting 
and measuring saturated conductivity; 19. water supply in 
adjustable flow rates; 20. calibrated measuring vessel; 
21. sample ring; 22. soil core (after BOELS et al.) 
Several analytical approximations for the relation between k and 
h have been proposed (WIND, 1955; WESSELING, 1957; GARDNER, 1958; 
RIJTEMA, 1965). The hydraulic conductivity curve can be described 
by the functions: 
k - k e-*<h-V 
o 
k • a h -n 
h < h 
— a 
ha « h 1 hlim 





k = saturated hydraulic conductivity 
h = suction at air-entry point 
h.. = some arbitrary suction, above which eq (1.6-b) is no 
longer valid 
a,n,n = constants 
With the aid of equations (1.6), it becomes possible to compute 
from the measured data the hydraulic conductivity for a large range 
of suctions. 
c. S o i l m o i s t u r e f l o w 
The water flow in soil systems is described by Darcy's equation 
as 
q - - kVH (1 .7) 
where 
q « volumetric flux (cm.day ) 
k <* hydraulic conductivity (cm.day ) 
H • hydraulic head (cm) 
The continuity equation, which expresses the law of conservation 
of matter, is 
ff--V.q (J-8) 
where 
3 -3 0 = volumetric moisture content (cm . cm ) 
t •» time (days) 
Substituting eq. (1.7) in eq. (1.8) yields the general motion 
equation, which describes the flow of water in liquid phase in 
unsaturated soil : 
|~- V.kVH (1.9) 
Inserting ©<!• (1-3) in (1.9) the result becomes 
|| - V.kVH - -V.kVh + |£ (1.10) 
In order to solve eq. (1.10) for any given boundary conditions, 
the relations between k,h,0 must be known. Numerical methods of 
solution are then often required. 
GARDNER (1958) concludes that, for steady state condition, 
when the relation between k and h is an exponential one as 
k(h) - aeßh (1.11) 
an analyt ica l solution for the integrat ion (1.10) i s poss ible . 
Therefore, i t seems to be useful to approximate the k(h) 
re la t ionship by means of an exponential type of function. 
d . O n e d i m e n s i o n a l s t e a d y s t a t e u n s a t u r -
a t e d f l o w i n a n o n - h o m o g e n e o u s s o i l 
p r o f i l e 
d . i . One dimensional steady s t a t e unsaturated flow 
When dealing with unsaturated flow, i t i s usual to consider flow 
in the v e r t i c a l z d i rec t ion only. 
90 For steady s ta te conditions (T— = 0 ) , integrat ing once, eq. (1.10) 
a t 
becomes 
, k < H - 1) - q (1.12) 
where q i s a constant and represents the f lux. 
Rearranging eq. (1.12) r e su l t s in 
d z 1 /1 « ->\ 
d h " ü q 7 k U - , 3 ) 
Solving eq. (1.13) for z between groundwater table depth (h«0) and the 
height z (where the corresponding suction is h), yields 
- f &K «•'•> 
O 
From eq, (1.14) using the expressipn (1.6), the height of capillary 
rise z results: 
z
" i T k - h < h a (1.15-a) 
. q+k k h 
z « - In ° . v + -%rr h < h < h.. (1.15-b) 
n
 q+k en(h"ha) «+ko a - lim M
 o 
h(z2) 
z9 T z. - ~ • b.. < h (1.15-c) 
h ( 2 l ) a h n 
For h > h.. analytical expressions are available only for special 
values of n « In non specific cases numerical integration must be 
applied« 
Equations (1.lS-a-b^c) give for a constant flux q in a soil 
with known physical characteristics: 
- the height of capillary rise above groundwater table ; 
- the infiltration of a constant amount of water from the soil 
surlcice towards the groundwater table. 
d.2. The steady state moisture distribution in a non-homogeneous 
soil profile 
With respect to the solid phase, the soil profile may be either 
homogeneous or non-homogeneous, due to a variation of texture or 
structure or of both. Such a profile, therefore contains a succession 
of layers, each with different 0(h) and k(h) relationships. 
In a homogeneous soil profile a variation of moisture content 
of soil with depth carries with it a variation of the associated 
suction» hydraulic potential and hydraulic conductivity. Where the 
solid phase also varies in its properties with depth, there will 
be additional variations of suctions and conductivity for a given 
moisture content. 
10 
In a non-homogeneous soil profile, eq.(1.13)reads as 
where the steady state flux in the profile, q, still applies to each 
individual i-layer of unsaturated conductivity k, (h). 
The integration of 1.9 must be split up into several steps. 
Thus 
hn h . h 
' " • R T F ; <••"> 
hi h i - . Vi 
n. n 0 h. f dh
 + f < * + f X < * + 
J "Üq7k^+ J lTq7k^+ *•• J " ü q 7 k 7 + ' * \ 
where h., h 0 ... h are the suctions corresponding to the boundaries 
• ^ n 
z., z„ ... z between the neighbouring layers«The values of h., h_ 
etc. are, of course, not known initially, but must be determined during 
the numerical integration procedure. Thus starting from zero values 
of z and h at the water table, h is steadily increased until z reaches 
z., the known height of the i-boundary: the value h. is thus found, 
when z « z,, and since the suction is continuous across the boundary, 
h. is the lower limit of the (i+1) term of integration. In that (i+1) 
range the conductivity k. is changed into k. .. The integration 
proceeds in this manner as far as the last value h is reached or 
capillary rise reaches the ground surface (z = z + z„ + ... z. +... + 
When integrating eq. (1.16), care must be taken to use the 
ropriate function describing I 
range of suctions of the i-layer. 
appr k.(1,6a-b-c), in accordance to the 
2. DESCRIPTION OF THE PROGRAMS 
This chapter describes two programs. Program CAPRIS, which 
performs the actual computation, and program PLOT, which may be 
used to plot the results obtained from program CAPRIS on a CALCOMP 
plotter, connected with the PDP-11/40. 
11 
a. P r o g r a m C A P R I S 
a.l. General description 
This program calculates the height of capillary rise in a 
homogeneous or heterogeneous soil according to the equations described 
in the preceeding chapter. A general flow chart of the program is 
given in fig. 4. 
a. 2. Computations 
The suctions (S(I)) for which the height of capillary rise 
(Z(L,I)) must be calculated, are computed in the first part of 
the main program. The range of these suctions is from 1 to 10 . 
Because it is not necessary to calculate the height of capillary 
rise for every suction in this range, the distribution as given in 
table 1 has been made. 
Table 1. Distribution of suctions for which the height of capillary 
rise is computed 
Suction range Difference between successive 
suc t i ons 
(cm) (cm) 
IO^IO 1 10° 
1 2 1 1 0 - 1 0 10 
2 3 2 1 0 - 1 0 10 
3 4 3 1 0 - 1 0 10 
4 5 4 1 0 - 1 0 10 
10 5 -10 6 105 
According to this distribution the array containing the values 
of the suctions has 55 elements. 
12 
Ç START J 
Compute 8(1) 


















( STOP ) 
Fig. 4. General flow chart of program CAPRIS 
suction« for which the 
height of capillary rise 
oust be calculated 
next flux 
next layer 
see fig. 6 
height of capillary rise 
greater than thickness of 
layers considered up to now? 
which output? 
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The height of capillary rise in the non-homogeneous profile is 









The height of capillary rise in the bottom layer (i=l) is calculated 
by splitting up the first integral in (1-17) and integrating, resulting 
in the equations (1.15-a),(1.15-b) and (1.15-c), depending on the 
suctions prevailing in this layer. 
In the other layers (i=2 n), it is necessary to take into 
account more integrals from eq. (1.17). Now (1.15-a) and (1.15—b) 
are not valid any more, because these equations can be applied only 
when the lower boundary of the integral is h=0. This occurs only in 
the bottom layer of the profile, bounded by the phreatic surface. 
Since the suction prevailing at the bottom of the other layers 
is h j* 0, z is calcualted for these layers by the following equations: 
V 2 i 
dh h2-h, 




^ . -n(h.-h ) 
, q + k e 1 a.' 
j. i o 
n ^ i. ~n(h_-h ) k .e-^V 
o 
q + k e 
^ o a 
for h < h < h. . 
a — lim (2.1-b) 
where z. is the height of capillary rise corresponding to suction h., 
and z. is the height of capillary rise corresponding to suction h„. 
In t;he range where h > h-, eq. (1.15-c) is used for all layers. 
Because this equation can bè solved analytical only for a few values 
of n, we applied numerical integration in all cases. The interval 












a(h, + (i-i).Ah)n 
for h > h lim (2.1-c) 
where Ah VN 20 
When the height of capillary rise passes the interface between 
two layers, then the soil characteristics parameters in the equations 
(1.15) and (2.1) must be changed. Fig. 5 illustrates the calculation 
procedure followed. Assume computations are performed for flux 
number L and the position of point Z(L,I) has just been calculated 
from Z(L,I-1),S(I-1) and S(I), using one of the equations (1.15) or 
(2.1) and constants for layer LAY. Now the computer finds that 
Z(I) is in the next layer. To find the correct position of Z(L,I), 
interpolation is carried out to obtain the suction at the interface 
between the layers. Then the correct position of Z(L,I) is calculated 
using the appropriate constants of layer LAY+1 and 
Za,I)-THT0T .- f (BOUND, S(I)) 
where f is one of the equations (2.1-a-b-c), THTOT is the height of 
the interface between the layers LAY and LAY+1 and BOUND is the 







S(I-1) BOUND S(I) -+ S 
(cm) 
Fig. 5, Illustration of computation near the interface between two 
layers 
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When Che height of capillary rise reaches or passes the total 
thickness of the profile, the calculation stops for the< specified 
flux. After calculating the height of capillary rise for one flux, 
the program checks if an output is required. If not, it continues 
with calculation for the next flux, if any. The values of the 
fluxes are stored in the array FLUXES, which may contain up to 
39 values. After the calculation of 13 fluxes the results are 
printed in the form of a table, or written on a datafile PLDATA.DAT, 
as selected by the input-variable WHAT. 
a.3. Description of the program units 
The program consists of: 
- the main program 








a. 3. i. T h e m a i n p r o g r a m . The main program starts 
calculating the suctions for which the height of capillary rise 
has to be computed, as described in section a. 2. The input is 
then read from a file called DATA.DAT. This input consists of the 
soil characteristics parameters necessary for the calculation and 
the values of the fluxes for which calculation has to be performed. 
These parameters then are printed. Calculation is performed for 
each flux, If there are more then one layer in the profile, calculation 
starts from the lowest layer, assuming that the bottom side of this 
layer is the phreatic surface. Some variables are calculated to 
simplify and speed up the computations in the bottom layer. The 
calculation of the height of capillary rise is performed by calling 
the subroutine COMP. It is checked whether or not the last layer 
was encounterd. If so, computation stops for this flux. If not, 
16 
computations are performed for the next layer» If necessary, the 
program calls CHECK, which interpolates to obtain the suction at 
the interface as described in section 2.1.2. If output is required, 
subroutines OUTPT, PLPR and PLOTDA are called. Then the matrix Z, 
containing the calculated heights is zeroed by calling subroutine 
ZERO. 
a.3.2. F u n c t i o n IFUNCT. Function IFUNCT computes the place 
of the air entry value (HA) and the limiting point (HLIM) on the 
S-axis. Because the axis is discretized, it is impossible to give 
the exact position of HA and HLIM. IFUNCT assigns the number of 
the calculated suction succeeding HA or HLIM. These numbers are 
termed NA and NLIM. 
a.3.3. S u b r o u t i n e COMP. In subroutine COMP the height of 
capillary rise is calculated for a given suction S(K), either to 
the numerical equation (2.1-c) or to the-analytical equations 
(l,15-a),(1.15-b),(2.1-a) and (2.1-b), depending on the value of 
S(K). The lower boundary for integration depends on a logical 
variable TEST, coming from subroutine CHECK: 
TEST«.TRUE.: integration starts from the suction prevailing 
at the interface, 
TEST«.FALSE.: integration starts from the previous suction. 
The computations for the bottom layer and S(K) <_ HLIM are made in 
COMP itself according to eq. (1.15-a) and (1.15-b). The differences 
according to eq. (2.1.-a-b-c) are calculated by the function PARINT, 
integrating between suctions SL and SU. The height of capillary 
rise corresponding to suction S(K) is computed in the following way: 
Z(L,K)=Z(L,K-1) + PARINT(S(K-1),S(K),KTEL) 
In order to take into account also the small differences due 
to the discretization of the S-axis, the calculation procedure is 
performed according to the flow chart given in fig. 6. 
a.3.4. F u n c t i o n PARINT. Function PARINT performs the 
integration between suctions SL and SU, according to eq. (2.1a-b-c). 
The variable KTEL selects which equation should be used: 
17 
(K-1) > HLIM? yes * - Z(L,K)=Z(L,K-1)+PARINT(S(K-1),S(K),3) 
K = NLIM?^ yes 
3(K-1) > HA? 









Fïg. 6. Computation of height of capillary rise in the layers above 
the bottom layer 
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KTEL-1 : eq. (2.1-a) 
KTEL=2 : eq. (2.1-b) 
KTEL=3 : eq. (2.1-c) 
a.3.5. S u b r o u t i n e CHECK. Subroutine CHECK performs the 
linear interpolation to find the suction at the interface between 
layers. 
a.3.6. S u b r o u t i n e OUTPT. Subroutine OUTPT prints the results 
of the calculations as a table (maximally 13 fluxes per page). 
a. 3.7. S u b r o u t i n e PLPR. In order to give a first impression 
of the results of computation subroutine PLPR yields a graph on the 
printer, using different symbols for different fluxes. 
a.3.8. S u b r o u t i n e ZERO. Subroutine ZERO zeroes the matrix 
Z, making all elements 0. 
a.3.9. S u b r o u t i n e PLOTDA. If requested, subroutine PLOTDA 
writes the results of computation to the data file PLDATA.DAT. For 
each flux used, PLOTDA writes the value of the flux, followed by 
55 heights of capillary rise. 
a.4. Required input 
The input for the program is read from a file DATA.DAT and may 
consist of the following groups: 
Group Columns Format Variable Description 
A 1-80 20A4 HEAD(20) General description to be 
printed in the output (80 
characters maximally) 
Group A consists of 1 card 
1-4 A4 WHAT This is the variable used to 
select the output: 
PLOT -*• datafile 
PRIN •+ printer 
Group B consists of 1 card 
19 
1-5 15 NLAYER Number of layers in profile. 
6-10 15 NFLUX Number of fluxes for which 
height of capillary rise must 
be computed. 
Group B consists of 1 card 
1-20 10A2 INF0(L,10)Description of layer L(20 
characters maximally) 
1-10 Fl 0.5 THIC(L) Thickness (cm) of layer L 
11-20 F10.5 KSAT(L) Saturated conductivity (cm. 
day ) of layer L 
21-30 F10.5 EETA(L) Constant n (day" ) from eq.(l.6) 
for layer L 
31-40 F10.5 NN(L) Constant n (-) from eq. (1.6) 
for layer L 
41-50 F10.5 AA(L) Constanta (cmn+'.dag"]) from 
eq. ( ) for layer L 
51-60 Fl0.5 HA(L) Air entry value h (cm) for 
a, 
layer L 
61-70 F10.5 HLIM(L) Limiting suction h, . (cm) 
lim 
for layer L 
Group D consists of 2 cards for each layer in the profile, 
maximally 20 cards . The top layer of the profile must be 

















FLUXES(l) Fluxes (cm.day"1) for which 
FLUXES(2) the height of capillary 






Group E may consist of 5 cards containing not more than 
39 fluxes. FLUXES(1) must be the largest value. 
20 






























, 01 .001 
a.6. Example of output 
RESULT fF l'»UGK»M CAPRIS, 
LAYER DCSCRIRTIUN THICKNESS KSAT ET» N A HA HLI" 
(CH) (CH/DAV) (1/r.M) (tCM«.(N«l))/0AY) (CM) (CH) 
• ••••••••••••••••••••• + ••••+• + + • + ••••••••••••••••*+••••••••••••••••••••••••••••••••••••••••••+•••••••••••••••• + ••••••••• 
1 SAUPV L"AH 67,3 19,000 0,0000 1,40 ».»»4» 9,0 Ina,a 
2 CLAV 32.3 1,400 0,0»«1 1,99 0.008» 1,0 s«,g 
21 
HEIGHT OF CAPILLARY RISE ZCCM) 
NO, SUCTION 
C C M : 0 . 5 0 0 C.250 0 , 1 0 0 0 , 0 7 5 0 , 0 5 0 
FLUX 
0 , 0 2 5 
(CM/OAV) 
0 . 0 1 0 0 , 0 0 1 






































































































































































l i .7 
1 . 5 
2 . 2 
2 . 9 
3 . 5 
« . 2 
4 . 8 
5 , 4 
Ö.U 
6 . b 
U . 2 
1 3 . 8 
1 5 . 2 
1 5 , 8 
1 5 . 8 
1 5 . 6 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 , 8 
1 5 . 8 
1 5 . 8 
I S . 8 
1 5 , 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 , 8 
1 5 . 6 
1 5 . 6 
1 5 , 6 
1 5 . 8 
1 5 , 8 
1 5 , 6 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 , 8 
1 5 , 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
1 5 . 8 
0 . 8 
1 . ' 
2 . 9 
3 . 3 
4 . 1 
4 . 9 
5 , 7 
6 . 5 
7 . 2 
8 , 0 
H . 2 
1 » . 4 
2 0 , 7 
2 1 . 8 
2 1 . 8 
2 1 . 8 
2 1 . " 
2 1 . 0 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 , 9 
2 1 . 9 
2 1 . 9 
2 ) . 9 
2 1 . 9 
2 1 . 9 
2 1 , 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 » . 9 
2 1 , 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 , 9 
2 1 , 9 
2 1 . 9 
2 1 , 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
2 1 . 9 
u. 9 
1 .9 
2 . 8 
3 . 7 
4 . 6 
5 , 5 
6 . 4 
7 . 3 
8 . 2 
P . l 
1 7 . 1 
2 3 . 5 
2 7 , 8 
3 0 . 2 
3 0 , 2 
3 0 , 2 
3 0 . 2 
3 0 . 2 
3 0 . 2 
3 0 . 2 
3 0 . 2 
3 0 , 2 
3 0 , 2 
3 0 . 2 
3 0 . 2 
3 0 . 2 
3 0 . 2 
3 0 . 3 
3 0 , 3 
3 0 , 3 
3 0 , 3 
3 0 . 3 
3 0 , 3 
3H, 3 
3 0 . 3 
3U.3 
3 0 . 3 
3 0 . 3 
3 0 , 3 
3 0 . 3 
3 0 . 3 
3 0 . 3 
3 0 , 3 
3 0 , 3 
3 0 , 3 
3 0 . 3 
3 0 , 3 
3 0 . 3 
3 0 , 3 
3 0 , 3 
3 0 . 3 
3 0 . 3 
3 0 , 3 
3 0 , 3 
3 0 . 3 
0 , 9 
1 .9 
2 , 6 
3 , 6 
4 , 7 
5 , 6 
6 , 6 
7 , 5 
8 . 4 
9 . 3 
17,7 
2 4 . 7 
2 9 , 7 
3 3 , 2 
4 1 , 5 
4 8 , 4 
5 3 , 5 
5 6 , 6 
5 6 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 6 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 . 4 
5 6 , 4 
5 8 , 4 
5 8 , 4 
5 6 , 4 
5 8 , 4 
5 6 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
5 8 , 4 
1 .0 
1 .9 
2 . 9 
3 . 8 
4 . 8 
5 , 8 
6 . 7 
7 . 6 
8 . 6 
9 . 5 
1 8 . 4 
2 6 . 2 
3 2 , 2 
< 1 . 1 
4 9 , 9 
5 7 . 6 
6 3 . 7 
6 7 . 7 
7 0 . 1 
7 0 . 1 
7 3 . 1 
7 0 . 1 
7 0 . 1 
7 0 . 1 
7 0 , 1 
7 0 . 2 
7 0 , 2 
7 0 . 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 . 2 
7 0 , 2 
7 0 . 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
' 0 . 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
7 0 , 2 
. 7 0 , 2 . 
1«S 
2 . 8 
2 , 9 
3 . 9 
4 . ' 
5 , 9 
6 , 8 
7 . 8 
8 , 8 
9 , 7 
1 9 , 2 
2 7 , 9 
3 6 , 3 
4 6 , 0 
5 5 , 4 
6 4 , 1 
7 1 , 6 
7 7 . 3 
8 1 , 2 
6 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
0 1 . 2 
8 1 . 2 
8 1 , 2 
8 1 , 2 
6 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 . 2 
8 1 , 2 
6 1 , 2 
6 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
6 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 , 2 
8 1 . 2 
8 1 , 2 
6 1 . 2 
1 .0 
2 . 0 
3 , 0 
4 . 0 
5 . 0 
5 . 9 
6 , 9 
7 . 9 
8 . 9 
9 . 9 
1 9 . 7 
2 9 , 1 
3 8 . 6 
4 8 . 5 
5 8 . 2 
6 7 , 7 
7 6 , 5 
8 4 , 2 
9 0 , 2 
9 0 , 3 
9 0 , 3 
9 0 , 3 
9 0 , 3 
9 0 , 3 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 . 4 
9 0 . 4 
9 0 . 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
9 0 , 4 
1 .0 
2 . 0 
3 , 0 
4 , 0 
5 , 0 
6 , 0 
7 , 0 
8 , 0 
9 , 0 
1 0 , 0 
2 0 , 0 
2 9 , 9 
3 9 , 9 
4 9 , 9 
5 9 , 8 
6 9 , 8 
7 9 , 6 
8 9 , 3 
9 6 , 7 
9 9 , 2 
9 9 , 4 
9 9 , 5 
9 9 , 6 
9 9 , 7 
9 9 , 8 
9 9 , 8 
9 9 , 9 
9 9 , 9 
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23 
b . P r o g r a m PLOT 
b . 1 . General 
The computerprogram PLOT plots the data, originating from CAPRIS, 
on a CALCOMP-plotter. This program uses the standard subroutines for 
the plotter. 
b.2. Functioning of the program 
The main functions of PLOT are given in the flow chart in fig. 7. 
At first suctions are computed as described in paragraph a. 2. 
Because of the lineair scale, needed for the plotter, the logarithm 
of the suction (pF) is used. The thickness of the profile, necessary 
to calculate the scale factor for the plot, is calculated from the 
thickness of each layer, which is read from input data. Then the 
z-axis and the pF-axis are drawn using the standard subroutine AXIS. 
The suction axis is drawn with special commands. The interfaces 
between the layers are also drawn. After reading a flux and the 
corresponding heights of capillary rise, the program compares the 
Z-value with the thickness of the profile in order to plot only the 
values smaller than the thickness of the profile. After plotting 
the line representing the serie of capillary heights just read, 
the program writes the value of the flux near the end of the line. 
After completing this, it tries to read another serie of data. 





Comput e DS,DZ,SMIN,ZMIN 




/Plot Q 7 
computation of pF 
read thickness of layers 
scalefactors for plotter 
read flux and heights of 
capillary rise 
draw the line 
write the value of Q 
Fig. 7. General flow chart of program PLOT 
25 
b.3. Description of input 
Group Columns Format Variable Description 
1-3 13 NLAYER Number of layers in profile 
























































All thicknesses in units of cm 
group A consists of 2 cards 
1-8 F8.3 Flux for which the following 
heights of capillary rise is 
computed. 
1-8 F8.3 Z(l) First height of capillary rise 
73-80 F8.3 Z(10) 10th height of capillary rise 
Group B consists of 7 cards for each flux for which the 
height of capillary rise is computed, 
55 values of Z(I) in each group. 
There is no limit to the number of cards in group B. 
Note: this is exactly the output coming from CAPRIS when the 
variable WHAT is equal to PLOT. 
26 
b . 4 . Example of input 
RESULT OF PROGRAM CAPRI3. 
2 
CLAY 32,90000 
SANDY LOAM 07.50000 
6.390 
0.797 1.465 2.176 2.669 3.944 4,190 4.634 9,490 6,049 6,618 
11,167 13.833 19.162 19.773 15,774 19,779 19,779 19,779 19,776 19,776 
15,779 19,760 19,780 19.760 15,781 19,781 19.761 15,761 19.782 15.783 
15.783 19,783 15.763 15.783 15.784 15.784 15,784 15,784 15,784 15,784 
15,785 15,789 19,789 19.789 15.765 15,765 15,765 15,785 15,789 19,789 
19.785 15.789 19.769 19.789 19.789 
0.290 
0.848 1.691 2,522 3.341 4.147 4,936 5,715 6,477 7.223 7.992 
14.200 16.362 20.697 21.846 21.648 21,849 21.680 21,691 21,891 21,856 
21.858 21.659 21,860 21,861 21.861 21.662 21,862 21.662 21.864 21,885 
21.666 21.866 21,660 21.867 21.867 21.867 21,867 21.666 21.668 21,869 
21.86» 21.869 21.669 21,869 21.869 21,869 21,670 21,670 21.870 21,870 
21.670 21.670 21,870 21.670 21,670 
0.100 
0.933 1.664 2,769 3.707 4.619 9.524 6.421 7,310 8,190 9.061 
17.106 23.480 27,775 30.210 30,214 30,217 30.220 30.222 30.224 30.234 
30,239 30.242 30,245 30.246 30,246 30,249 30.290 30.251 30.255 30,258 
30,259 30.260 30,26} 30.262 30,262 30,262 30,263 30,265 30,266 30.267 
30,267 30,267 30,268 30.268 30,266 30,268 30,269 30,270 30.270 30,270 
30.270 30,270 30,271 30,27} 30,271 
e.075 
0.949 1.896 2.639 3.776 4,709 9,636 6,956 7.471 8.378 9.276 
17,733 24,735 29,733 33.177 41.498 46,415 53.460 56,621 58,351 98,397 
98.360 96.362 38.363 96.364 98.368 98.366 98.366 96.367 96.369 98,370 
58,371 56.372 38,3*2 98.372 98.372 58.373 98.373 96.374 56.374 96.379 
96.375 56,375 58,375 58.375 58,375 56,375 56,376 56,376 58.376 96.376 
56.376 86.376 98.376 96.376 96.376 
0,050 
0,966 1.930 2,891 3,646 4.602 9.792 6.696 7,639 8,575 9,506 
16,416 26.189 32.172 41.119 49,931 87,633 63,664 67,746 70.126 70,136 
70,142 70.145 70,147 70,148 70,149 70.150 70.151 70,152 70,155 70.157 
70.198 70,159 70,160 70,160 70,160 70,161 70,161 70,162 70,163 70,164 
70,164 70.164 70,164 70.164 70,168 70,169 70,165 70,165 70,166 70,166 
70.166 70.166 70,166 70,166 70,166 
0.025 
0,962 1,964 2,944 3.923 4.699 5.873 6.845 7.819 8.782 9.746 
19.169 27.908 36,266 49,993 35,360 64,099 71,969 77,340 81.170 81,189 
61,198 81,203 61,207 «1.210 81.212 61,214 81.216 81.217 81,229 81,228 
81,23b 81,232 81.233 61.234 8}.239 81.235 81,236 81,239 61.240 81,241 
81.242 81.242 61 242 81.243 61.243 61,243 81,244 81,245 81.245 81.245 
81.246 81.246 81.246 61.246 81.246 
0,010 
0.993 1,986 2.977 3,969 4,989 6.949 6,937 7.929 8,912 9,897 
19,697 29,109 38,608 46.487 96,224 67,666 76,477 84,196 90,240 90,296 
90.316 90.331 90,341 90,348 90,394 90,398 90.362 90,369 90,364 90,393 
90.398 90,402 90,409 90,407 90,409 90,411 90,412 90,419 90,423 90,429 
90,427 90,426 90,429 90.429 90,430 90.430 90,433 90,435 90.436 90,436 
90,437 90,437 90.437 90.438 90,436 
0,001 
0.999 1.999 2,996 3.997 4,996 5,995 6,994 7,992 6.991 9,990 
19.965 29,907 39,867 49.655 59.628 69,768 79,635 89,345 96,723 99,191 
99.410 99.546 99,641 99.713 99,770 99,616 99,899 99,888 100,079 0,000 
0,000 0.000 0.000 0.000 0.000 0,000 0,000 0,000 0,000 0,000 
0.000 0.000 0.000 0.000 0,000 0,000 0,000 0,000 0.000 0,000 
0,000 0,000 0.000 0.000 0.000 
27 
b.5. Example of output 
HEIGHT OF CHPILLRRY RISE 
IB» 
RESULT OF PROGRAM CRPRIS. 
v .Ml 
LD> IB2 IB3 
SUCTION CCMD 
IB' IB9 
V' .BIB ovum 
V' .823 OVOTY 
V« . K B OVTBV 
SANDY LOAM 
V« .B73 OVDHV 
v . in avmy 
V« .298 OVDm-




3. USE OF THE PROGRAMS 
Comparing the results of this nota with the results of other 
investigators, it can be seen that the only difference is the way 
of determining and describing the k-¥ relation. The integration 
procedure to get the height of capillary rise is in principle the 
same. So it is not very useful to give for a certain soil a comparison 
between heights of capillary rise. Differences in final results are 
only due to differences in k-¥ relationships. 
A couple of possible applications are: 
a. In arid areas one may assume that during long periods of drought 
évapotranspiration in a bare soil equals the capillary flux from 
the freatic surface. When the soil characteristics and the depth 
of the freatic surface are known the programs CAPRIS and PLOT can 
be applied to calculate the prevailing soil moisture profile. 
b. Under steady state conditions, a known flux and a known soction 
at some depth, it is possible to obtain the moisture profile and 
the position of the freatic surface using CAPRIS and ÏXOT. 
4. SUMMARY AND CONCLUSIONS 
This nota presents a method to calculate and plot by the computer-
programs CAPRIS and PLOT resp,.s heights of capillary rise in non-
homogeneous profiles. The theory of unsaturated and saturated soil 
water flow is described briefly. Using only one expression to 
describe the k-T relation of a soil, some analytical and numerical 
equations are derived, yielding the height of capillary rise. 
Examples of input and output of both programs are given, as well 
as listings of the programs. Finally a table is presented that 
gives the parameters necessary for the calculation of the height 
of capillary rise for 21 different soils. It is very difficult 
indeed to compare the results of the described method with the 
result of other methods, as different k-Y relations are used. Due 




C PROGRAM CAPRIS, 2 
C DEVELOPED 8* J.G.WESSELlNG, ICH, P.O.BOX 39, MAGENINGEN, THE 9 
C NETHERLANDS, AND E.ALIVERTI, TECNECO, S.IPPOLITQ(PS), ITALY. 4 
C JULY 1979, S 
C . 9 
C PROGRAM CARRIS CALCULATES THE HEIGHT OF CAPILLARY RISE IN A 7 
C HOMOGENEOUS/HETEROGENEOUS SOIL PROFILE WITH SPECIFIED 8 
C PHYSICAL CHARACTERISTICS FOR SOME SPECIFIED FLUXES, 9 
C CALCULATIONS ARE BASED ON THE INTEGRATION OF DARCY'S FLOW 10 
C EQUATION FOR UNSATURATED SOILS, AS DESCRIBED BY FEDOES(1971), 11 
C TAKING INTO ACCOUNT THE ANALYTICAL EXPRESSIONS FOR K(PSI) AS 12 




C INPUT VARIABLESI 17 
C HEAD - GENERAL DESCRIPTION OF THE INPUT DATA CHAX, 80 16 
C ALPHANUMERICAL CHARACTERS), 19 
C WHAT . VARIABLE TO DESTINATE THE OUTPUT! 20 
C WHAT • PRINT! PRINT THE RESULTS, 81 
C WHAT a PLOT! WRITE THE RESULTS ON A FILE THAT CAN BE USEO 22 
C BY PLOTPROGRAM PLOT, 23 
C NLAYER - NUHBER OF LAYERS OF THE PROFILECMAXIMUM 10), 24 
C NFLUX - NUMBER OF FLUXES OF INTEREST FOR THE CALCULATION 23 
C OF HEIGHT OF CAPILLARY RISE (MAXIMUM 39), 26 
C INFO(J,L) - TYPE OF SOIL OF LAYER LCMAXIMUM 20 ALPHANUMERICAL 87 
C CHARACTERS). 28 
C THIC(L) - THICKNESS OF LAYER L(CM), WHERE L«l AT THE TOP OF 29 
C THE PROFILE, 30 
C KSAT(L) - SATURATED CONDUCTIVITY OF LAYER LCCM/DAY), 31 
C EETA(L),NNCL),AA(L) « INTEGRATION CONSTANTS FOR LAYER L. 32 
C HA(L),HLIH(L) - SUCTIONS CORRESPONDING TO AIR ENTRY POINT 33 
C AND LIMITING POINT OF LAYER L (CM), 34 
C FLUXES(J) • VALUES OF SPECIFIEO FLUXES (CM/DAY), 33 




C OUTPUT VARIABLES! 40 
C Z(L,I) • HEIGHT OF CAPILLARY RISE CALCULATED FOR FLUX L AND 41 
C SUCTION I (CM), 42 
C SCI) « SUCTIONS FOR WHICH HEIGHT OF CAPILLARY RISE IS 49 




C INTERMEDIATE VARIABLES! 48 
C LAY - LAYER FOR WHICH COMPUTATIONS APPLY, 49 
C THTOT - HEIGHT OF TOP OF LAYER LAY ABOVE GROUNOWATERTABLE, 30 
C NA,NLIM. INDICATORS OF POSITION OF HA AND HUM ON SUCTION AXIS, 91 
C 92 
C. •••••... ..••*«•«•• a.a ••»« !••• •••••«•••••s.a.aa 93 





COMMON /PL/THIC(10),NLAYER,PLCHAR(t3),BLANK 99 
DIMENSION INFO(10,10),HEAD(20),KSAT(10),EETA(10),NN(10),AA(10), 60 
1 HA(10),HLIM(10) 61 
LOGICAL METOUT,TEST 62 
INTEGER BLANK,PLCHAP 63 
30 
REAL NN,KSAT,N,K0 04 
DATA PL0T,PRIN/',PLQT»,"PRIN"/ 69 
C SO 
LPATH-0 67 





00 10 J«l,6 73 
DX"10,*DX 74 




9 CONTINUE 79 
I* CONTINUE 60 
C 81 
C.a................ 62 









IS CONTINUE 92 
READ(5,1003)(FLUXE3(J),J«1,NFLUX) 93 
C 94 
C«»«. «.......•.....••.• 95 
C OUTPUT OF REAP DATA 96 
C.«.«.« «•««»•.»•••«•••.•. 97 
C — - OUTPUT TO PRINTER OR TO PLOTriLE? 96 
IF(WHAT.EQ.PLOT)METOUT.,TRUE, gg 
IF(WHAT.EQ.PRIN)METnuT.,FALSE, 100 
IFCMET0UTÎGO TO 61 101 
C — — OUTPUT ON PRINTER 102 
DO 20 LAY'liNLAVER 103 
IF(INFO(LAY,9).NE,BLANK,OR,INFO(LAV,10),NE.BLANK) 104 
1 GO TO 5k) 105 
20 CONTINUE 106 
00 40 LAT'liNLAYER 107 
DO 3" 11*1,6 106 
I'll-II 109 
INF0(LAY,I)«INF0(LAY,I-2) 110 
30 CONTINUE 111 
INF0(L*Y#2)»BLANK 112 
INFO(LAY,i).BLANK 113 
40 CONTINUE 114 
90 WRITE(8,1004KHEAO(J),J*1,2") 119 
00 60 II«1,NLAYER 116 
I .NLAYER+WI 117 
WRITE(8 ,1009 )11 , ( INFD( I , J ) , J . l , 10 ) ,TH IC( I ) ,K8AT( I ) , n e 
I EETA( I ) ,NN( I ) ,AA( I ) ,HA( I ) ,HL IM( I ) 119 
60 CONTINUE 120 
GO TO 65 121 
C 122 
C — - OUTPUT TO PLQTFÏLE "PLDATA.OAT"
 t23 
61 *RITE(2,1009)(HEAD(J),J«l,2*) 124 
WRITE(2,1007)NLAYER 129 
00 63 L*Y"liNLAYER . .126 
31 


























START OF COMPUTATION 
KPAG>0 
L«B 
DO 100 LL*1,NFLUX 
L»L*1 
IF(L.LE,U)GO TO 6« 
L«l 




-• THE LAYERS 
00 90 LAY«!,NlAYER 






















IF(K,GT.99)60 TO 99 
CALL COMPCBOUND,K,L»LAY) 
NEXT LAYER? 
IFCZ(L,K).LT,THTOT)GO TO 70 
-• LAST LAYER? 
IF(LAV.EQ.NLAYER)GO TO 95 
LA» 
AND MLIH ON »HE P5I-AXI5. 




— OUTPUT WHERE? 
IF(METOUT)GO TO 96 
— PRINT THE RESULTS 
KPAG«KPAG+1 
CALL OUTPT 
•• PLOT THE RESULTS ON THE PRINTER, 
CALL PLPR 
GO TO 1H0 







































































( : • • • • • • • • > • • • • • • 193 
C FORMATS 194 
(:•*>••*•«•••>•>• 19S 
1000 FORMATC20A4) 196 
1001 FORMAT(215) 197 
1002 FORMAT(10A2) 19g 
1003 FORMAT(8F10,5J 199 
1004 FORMAT(1H1,// / / ,20X,20A4 I / / / / / ,T9,3HLAYfiR,T20,l iHDESC*IPTION,T36, 280 
1 9HTHICKNE3S,TS2,4HK3AT IT62,3HETA#T73 I1HN,T89,1HA IT105,2MHA,TU3, 201 
2 4HHLIH,/,T41,4H(CM),T30,8H(CM/DAY),T60,0H(1/CM),T81, 202 
3 15'H((CM««(N*l))/O*Y),TlB4,4H(CM)#T113l4H(CMj,/fT9,120(lH*J) 203 
1009 FORMATUH ,T9,I2,T15,lBA2,T40,F8,l>T3fl,F8,3,T80,F7,4,T70, 204 
1 FS.2,T81,Fi2,4,Tl00,F7,l,Tlie,F7,t) 203 
1006 FORMAT(A4) 206 
1&07 F0RMAT(I3) 207 
1008 FORMAT(10F8.3) 208 
1009 FORMAT(20A4) 209 









C0MMQN/0UT/NFLUX,FLUXF.S(39),KPAG,LPATM#LS«LF,NP 2 l 9 
COMMON /PL/THIC(i«t).NLAVER,PLCHARCi3J,BLANK 220 
INTEGER BLANK.PLCHAR 221 
LOGICAL TEST 222 
REAL Kfcj.N 223 
DATA 2,8/770*0.0/,BLANK/» "/ 224 
DATA PLCHAR/» A"," B"," C , " D"," £",» F»,« G"#" «"." I"," J"» 229 





FUNCTION IFUHCT(H) 231 
Caa aaaaaaaaaaaaaa •••••••••••>••>••»••> aaaaaaaaaaaaa 232 
C CALCULATE THE POSITION OF HA (NA) AN0 HLI*{NLI« 0N M W X I I , 233 
Caaaaaa m m i t iiiiiitiMHitiiiuiMiiistiiiiKViii 234 
Y«M 233 
lTaIFIXtALOG10(T)) 236 
10 IF(V(GT.0,0.AND.Y.LT,10,)GO TO 20 237 
Ya,l*V 238 
GO TO 10 239 






FUNCTION PARINT(SL,3U.KTEL) 246 
Caaaaaaaaaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 247 
C FUNCTION TO PERFORM THE NUMERICAL INTEGRATION BETNEEN 8UCTI0N3 246 
C SL AND SU. THE FUNCTION TO BE INTEGRATED 19 SELECTED BY THE 249 
C VARIABLE KTEL. 290 
C m • • • • i i i u i t i u i i i i m u i • • • • • • • • • • • 291 
COMMON/CALC/FLUX,THICK,K0#ETA#N,AiHi,H2 . . . . 282. 
33 
REAL N,K0 233 
GO TO(100,200,3B0),KTEL 254 
C .... K T E L i U FIRST INTEGRAL, 239 
100 RARINT»(SU-SL)/CFLUX/K0*1,J
 2 9 6 
RETURN 297 
C »... KTEL*2l SECOND INTEGRAL. 298 
200 PlaFLUX*Kfl*£XP(ETA*(HU3L)) 239 
P2aFLUX+K0*EXP(ETA*(Hl*SU))




 2 8 2 
C — — KTEL»3l THIRD INTEGRAL, 203 
300 P A R I N T B 0 . 0 264 
OS-CSU-SD/20. 263 
S«SL».5*DS 266 










SUBROUTINE CHECK(BOUND,*,L> 277 
Caaaaaaaaaaiaaaaaaaa •••••••••••••••siMiiiiiiiiii •iiuiiiiuii 278 
C SUBROUTINE CHECK CUMPUTES THE SUCTION AT THE INTERFACE BETKEEN 279 
C CONTIGUOUS LAVERS. 280 
Caa •««•««»•••..«»••«••••••••»••••••••••»•••••••••••••••«••••••». 281 
C0MM0N/MAT/Z(13,33),SC33) 262 
C0MM0N/VAR/TEST,C1,C2,C3,NA,NLIH,THT0T 263 
LOGICAL TEST 264 
TEST»,TRUE, 283 







SUBROUTINE ZERO 293 
C l l l l l t l l l l l t l t l l l M S I I I M M I I O I I H M I 294 
C SUBROUTINE TO REINITIALIZE THE MATRIX Z, 293 
C l l l « * I M H M I M I I I I I t • • aaaaaaa 296 
C0MM0N/MAT/Z(13,3S),S(53) 297 
DO 100 Lai,13 298 
DO 90 Kal,33 299 
ZCL,K)a0,0 300 
90 CONTINUE 301 






SUBROUTINE C0MP(BOUND,K,L»LAY) 306 
Caaaaaa.aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 309 
C SUBROUTINE TO CALCULATE THE HEIGHT OF CAPILLARY RISE FOR 310 







































IFUAY.GT.DGO TO 100 
INTEGRATION FOR FIRST LATER 
IF(K,GE.NA)GO TO 20 
ANALYTICAL SOLUTION FOR FIRST PART OF K-PSI RELATION, 
Z(L,K)aCl*S(K) 
RETURN 
IF(K(GE,NLIM)GO TO 30 




IP(K,GT,NLIM)GO TO 40 
SOLUTION FOR PART BETWEEN MLIM ANO S(NLIM), 
ZCL,K)«C2*C3*PARINT(H2,SCK)#3) 
RETURN 
•NUMERICAL INTEGRATION FOR THJRO PART OF K-PSI RELATION, 
IF(K,LE.l)GO TO 42 
Z(L»K)»Z(L,K»J)*PARINTCS(K-1),S(K),3J 
RETURN 
Z(L#M»PAR INT (.001,5(1),3) 
RETURN 
NUMERICAL INTEGRATION FOK LAYERS 2-NLAYER IS BEING DONE 
IN TWO DIFFERENT WAYS, OEPENUING ON THE LOGICAL VARIABLE TESTl 
IF TEST«,TRUE, THE LOWER BOUNDARY FOR INTEGRATION IS THE 
SUCTION AT THE INTERFACE BETWEEN THE LAYERS, 
COMPUTED IN CHECK, 
IF TEST»,FALSE, THE LOWER BOUNOARY FOR INTEGRATION IS THE 
PRECEEOING SUCTION, 
IF(TEST)GO TO 200 
THOLO»ZCLiK-»n 
BOUND*S(K«l) 
GO TO 209 
TEST»,FALSE. 
THQLO»THTOT-THICK 
IF(B0UND,LT,H2)G0 TO 210 
Z(L*K)»THOL0+PARINT(BOUN0tS(K),3) 
RETURN 
IF(K,NE.NLIH)G0 TO 220 
Z(LiK)»THQL0tPARINT(B0UNDiH2|2)*PAR!NT(H2,3(K),3) 
RETURN 
IF(B0UN0,LT.H1)G0 TO 23» 
Z(L»K)"fH0LD->PARINT(B0UN0,S(K),2) 
RETURN 







































































C RISE FOR THE DIFFERENT FLUXES, 379 
(:••>••••••>•••••••••••••• ••••••••••••••••••••••••*••••>••••••• 3S0 
COMMQN/MAT/ZC13,33).SC33)
 3 8 i 
C0MM0N/0UT/NFLUX,FLUXE3C39),KPAG,LPATH#LS,LF,NP 382 
DIMENSION HEUP(J35 383 
C 384 
LS»13*LPATH*1 389 
LF»MINa(LS*12fNFLUX) 3 a o 
NPaLF«LS*l ae» 
C .... HEADING 368 
WRITE(B,ia0i)KPAG«CFLUXES(I),IfLS,LF) 389 
HRITE(8,1002) 398 
DO 10 J»l,55 3B1 
00 2 I»1,NP 392 
HELPCn«k).0 393 
2 CONTINUE 394 
DO 3 I«1»NP 399 
IF(ABSCZCI,Jn.GT.l,E-3)G0 TO 0 390 
3 CONTINUE 397 
GO TO U 398 
6 DO 5 I«1,NP 399 
IF(ABS(Z(I,J».LT.1,E«3)G0 TO U 480 
HEUP(I)»Z(IiJÎ 401 
NXel 402 
5 CONTINUE 403 
H hRlTEC8,l003)J,SCJ),(HELPCI),I»1,NX) 404 
10 CHNTINUE 409 
C 400 
IS UPATH»LPATH*1 407 
RETURN 408 
C 409 
C FORMATS 418 
1001 FORMAT(1H1,/IT127,4HPAG.,I1,/,T90,24HHEIGHT OF CAPILLARY RISEf 411 
1 6H Z(CM),/,T9fl(30(lH.O,//,l2H NO, SUCTION,T63,13HFLUX (CM/DAY), 412 
2 /,T7,4HtCM),T17,l3(F7.3,2X)) 413 
1002 F0RMAT(1H ,130(1H*J) 414 






SUBROUTINE PLPR 421 
Caaaa a a a a a a a a a a a a a a a a > a a a> a a a a. a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 422 
C SUBROUTINE TO PLOT THE CAPILLARY RISE ON THE PRINTER FOR 423 
C DIFFERENT FLUXES AND SUCTIONS, 424 
C NECESSARY INPUTI 429 
C Z(I,J) • CAPILLARY RISE WITH FLUX NR,I AND SUCTION NR.J 420 
C PLCHAR(I)n CHARACTER WHICH IS USED CONNECTEO NITH FLUX NR, I, 427 
C THE ARRAY SHOULD BE DEFINED IN THE CALLING PROGRAM, 428 
C E.G. IN A DATA-STATEMENT, 429 
C NP * NUMBER OF FLUXES TO BE PLOTTED 430 
C LS a NUMBER OF FLUX TO BE PLOTTED FIRST, 431 
C LF a NUMBER OF FLUX TO BE PLOTTED LAST, 432 




COMMON /PL/TMICCJ0),NLAYER,PLCHARU3) «BLANK 437 
DIMENSION LAPL(11),START(13),PL0T(S3) 438 
INTEGER PLOT,PLCHAR,START,BLANK 439 
C 440 
C »... INITIALIZING 441 
36 
DO 5 I H , 5 5 442 
PLOTU)«BLANK 443 
5 CONTINUE 444 
THTOT"0,0 449 
DO 7 LAV»1,NL*YER 446 
THTOTfTHTOT+THlCaAY) 447 






DO 9 LAVfl.NLAYER 494 
THTOTfTMTOT«THlC(LAY) 499 
LA»LA*1 496 
LAPLCLA)»INT(THTOT/DH • .9) 497 
9 CONTINUE 498 
C 499 





C .... LAST NUMBER WHERE Z IS CALCULATED 469 
DO 20 I»1,NP 466 
START(I).B 467 
DO 10 JJ«t,99 468 
J«56.JJ 469 
IFCZ(I,J).LT.1,E-3)G0 TO 10 470 
START(I)«J 471 
GO TO 19 472 
10 CONTINUE 473 
19 IFCZ(I,STARTCI».GT.HMAXUCI,STARTCn)"HHAX 474 
20 CONTINUE 479 
C 476 
DO 90 J«1,NP 477 
KL'START(J) 476 
DO 40 K«1,KL 479 
ZCJ,K)»AINTCZCJ,K)/0H*,9) 480 
40 CONTINUE 481 
90 CONTINUE 482 
C 463 
C .... THE COMPUTATION OF POSITIONS 484 
H»HMAX*OH 469 




00 90 L»1,NP 490 
KJsSTART(L) 491 
DO 80 K»t,KJ 492 
IFCAB5CZCL,K).X),GT,l,E«3)G0 TO 80 493 
P|.OTCK)«PLCHARU) 494 
IF(K,EQ,99)0«FUUXES(LS«L-1) 499 
60 CONTINUE 496 
90 CONTINUE 497 
WRITE(8,1040)H,(PLOT CM),M«l,99) 496 
IF CABS CO),f!T.l.E"6) WRITE C8,1080)0 499 
Q«0,0 900 
DO 99 MiI,15 901 
PLOT (M)»BLANK 902 
99 CONTINUE 903 
C .... NEW LAYER . . . . . . . . . . . . . . . 904 
37 
c 
IFClAPLCLA),NE.I)GO TQ 100 909 
WRITECB,10«0) 900 
LA«U*-l 907 












1010 FORMATCIHI) gi6 
1020 F0RMAT(1H ,T7,»Z",T10,"10**0",T27,Ml0**l»,T43,,'10**2",T63,"t0**3" 517 
1 ,T81,"10**4",T99,"10**5",TH7,"10**0",2X,"SCCM)») 918 
1030 F0RMATC1H ,T5,»(CM)",T11,"*",0(17C"*"),"*")) 319 
1040 F0RMAT(1H ,F7.1,T10,"*",35A2) 520 
1060 FORMAT(1H*,TH,109(",")) 521 






SUBROUTINE PL.OTDA 528 
Caaaaaa miiiiiiiii < t i iiiiamii 529 
C SUBROUTINE TO WRITE THE HEIGHT OF CAPILLARY 930 
C RISE TO A DATA FILE PL0AT.DAT, FROM WHERE THEY 531 
C CAN BE USEO BY A PLOTPROGRAM, 932 









00 10 Ial,NP 542 
NFaNF+1 543 
WRITE(2,1000)FLUXE9(NF},(Z(I,J),Jal,85) 544 
10 CONTINUE 545 

























PROGRAM PLOT,USED IN COMBINATION UITH PROGRAM CAPRIS,YIELDS A 
GRAPHICAL REPRESENTATION OF HEIGHT OF CAPILLARY RISE VERSUS 
SUCTIONS,AS OBTAINED FROM PROGRAM CAPRIS. 
(PROGRAM DEVELOPED BY» 
3.G.UESSELING-I.C.U.-P.0.B0X 35-6700 AA UAGENINGEN-HOLLAND 
AND 









DO 44 3=4,6 
DX=40.»DX 


























PLOTTING OF AXES 

















































































Y1=Y -.1 67 
CALL NUMBERC-.7S8.Y1,.88,X.278.,-13 68 
12 CONTINUE 69 
CALL SYHBOLC-1.»-2.,.42,"SUCTION CCH3",278..123 70 
THTOT=8.0 74 
C 72 
C DESCRIPTION OF LAYERS, 73 
C 74 
DO 75 3=1,NLAYER 75 
DO 73 1=1.20 76 
VSOILCI3=SOILCI,33 77 
73 CONTINUE 78 
TU=THT0T+.S*THICC33/DZ 79 
CALL PLOTCTU.-7..33 80 
CALL SYHBOLCTg,-7.S,.11,VSOIL,270.,20l 81 
THTOT=THTOT+THICC33/DZ 82 
CALL PLOTCTHTOT,0.0,33 83 
CALL PLOTCTHTOT,0.0.23 84 
XA*0.0 85 
DO 74 1=1.60 86 
XA=»XA-.1 87 
CALL SYMBOL CTHTOT,XA,.08,15,270..-153 88 
74 CONTINUE 89 
75 CONTINUE 98 
CALL SYHBOLC11.,-1.2,.2,"HEIGHT OF CAPILLARY RISE",270.,243 91 
CALL PLOTC10.5,-1.2,3) 92 
CALL SYHBOLC10.5,-1.2».12,HEAO,270.,80) 93 
THTOT=THTOT*OZ 94 
C 95 
C INPUT DATA 96 
C 97 
50 READC8.10.ENDM003Q 98 
READC8.203CZCI3, 1=1,SS3 99 
DO 90 3=1,SS 108 
NssSA-3 484 
IFCZCN3.GT.1.E-33GO TO 9 1 402 
90 CONTINUE 483 
91 DO 93 3 = 1 . N 184 
S1C33=SC33 40S 





IFCZCN3.LE.THTOT3GO TO 94 411 
SCN3=SCN-13+CTHTOT-ZCN-133*CS£N3-SCN-133/CZ£N3-ZCN-133 112 
ZCN3=THTOT 443 
94 CALL P L O T C 0 . 0 , 0 . 8 , 3 3 414 
CALL P L O T C 0 . 0 , 0 . 0 , 2 3 445 
C 416 
C PLOTTING OF CURVES 117 
C 118 
CALL LINECZ,S1,N,1,0,83 119 
IFCN.NE.SS3GO TO 97 120 
X=ZCN3/DZ-.0S 121 
Y=-4.1 422 
GO TO 99 123 
97 X=THTOT/DZ+.1 124 
Y=-1.*CSCN3-.1S3 125 
99 CALL SYMB0LCX,Y..1,"V=".278.,2) 126 
Y=Y-.2 127 
CALL NUHBERCX,Y,.1.0.278.,33 128 
IFCN.NE.5S3GO TO 58 129 
Y=Y-.4S 138 





GO TO se 























Table of soil parameters 
A catalogue of soil characteristics for several soils was given 
by MUALEM (1976c). Some of these soils were used to compute the 
parameters given in table 2. The parameters were calculated applying 
the optimisation package OPTPAC of the DEC-10 computer of the 
Agricultural University of Wageningen (OPTPAC manual, 1979). 
The approach taken can be summarized as follows: 
Suppose the data are given as tc. and ¥.. When the equation (1.6) 
is written in the following way: 
k. = f(y.) (C.l) 
the parameters are calculated by 
(C2) 
where 
h ,h-. ,n,a and n are the parameters of eq. (1.6) 
w = a weight factor, introduced to be sure that the 
deviation will not cause an overflow or underflow 
k. = the computed conductivity using eq. (C.l) (cm.day ) 
•~
1
 . . . -1 
k. = the given conductivity (cm.day ) 
N = the number of given k- and ^ -values 
The authors can not take any responsibility as far as the 
reliability of the values in table 2 is concerned, because in some 
cases only a few k- and I'-values were given in the reference cited. 
minimize 
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